Objectives: Evidence exists that decreased in triiodothyronine (T3) and thyroxine (T4) levels are associated with the severity of liver disease, and these hormones could be used as disease prognostic factors, but there are paradoxes in this regard in the literature. This study aimed at evaluating the correlation between thyroid hormone levels and severity of liver disease.
Introduction
Serum concentrations of thyroid hormones vary in patients with hepatic disorders, especially those with liver cirrhosis. [1] [2] [3] [4] In some studies of liver cirrhosis where the peripheral conversion of thyroxine (T4) to triiodothyronine (T3) have been examined, the liver was found a major site of this peripheral conversion. 5 The liver metabolizes thyroid hormones and regulates their systemic endocrine effects; therefore, liver diseases could affect thyroid hormone metabolism. 6 A complex relation exists between the thyroid gland and the liver in healthy persons in the general population. This study sought to investigate serum levels of thyroid hormones in children with cirrhosis. The findings will be helpful in identifying prognostic parameters that assist patient classification and adjust treatment disciplines. 
Materials and Methods

subjects
Results
None of the patients had any clinical signs or symptoms of thyroid dysfunction. The most prevalent diseases in the study groups were cryptogenic cirrhosis (n=28, 33.8%) and progressive familial intrahepatic cholestasis (n=18, 21.8%). Other causes of cirrhosis were biliary atresia (n=13, 15.7%), Wilson disease (n=9, 10.8%), tyrosinemia (n=7, 8.4%), neonatal hepatitis (n=6, 7.2%), Budd-Chiari syndrome (n=1, 1.2%), and cardiac cirrhosis (n=1, 1.2%). There were 24 patients (28.9%) in Child A class, 41 (49.4%) in Child B class, and 18 patients (21.7%) in Child C class.
Four patients (4.8%) showed a decrease in the amount of T3, and 9 patients (10.8%) revealed increased levels of T3. Also, decreases in the amount of T4 were seen in 7 patients (8.4%), and 4 patients (4.8%) showed an increase in the level of T4. In patients with decreases in T3, hepatic diseases seen were cryptogenic cirrhosis (50%), Wilson disease (25%), and progressive familial intrahepatic cholestasis (25%). Causes of cirrhosis in patients increases in the level of T3 were biliary atresia (33.3%), progressive familial intrahepatic cholestasis (33.3%), and cryptogenic cirrhosis (33.3%). Regarding low T4 level, Wilson disease (42.9%), cryptogenic (28.6%), biliary atresia (14.3%) and progressive familial intrahepatic cholestasis (14.3%) were the causes of cirrhosis. Biliary atresia (75%) and neonatal hepatitis (25%) were the underlying liver diseases in patients with increased levels of T4.
The comparison of albumin levels, INR, total bilirubin, PELD/MELD scores, and Child scores on 3 different scales of the T3 hormone is shown in Table 2 . Children with low T3 levels had lower serum albumin and higher serum bilirubin and INR; however, these differences were not significant (P = .21, P = .81, and P = .051). There was no significant correlation between levels of T3 and severity of liver disease according to PELD/MELD (P = .14) and Child (P = .11) scores, although mean PELD/MELD and Child scores were higher in patients with low serum T3 levels. The comparison of albumin levels, INR, total bilirubin, PELD/MELD scores, and Child scores on 3 different scales of T4 hormone is shown in Table 3 . Those children with cirrhosis with low T4 levels had lower albumin and higher INR levels; however, these were not significant (P = .3, P = .92). Mean bilirubin levels were higher in high T4 group, but this was not significant (P = .74). There was a significant relation between PELD/MELD scores and decreases in the amount of T4 (P = .036), while no correlation was observed between the changes in the amount of T4 and Child scores (P = .059) although the mean Child score was higher in low T4 group.
Discussion
Thyroid hormone abnormalities are common in cirrhotic children, as demonstrated by the 24 patients (28.9%) in this study with abnormally levels of thyroid hormones. Our results are comparable those of an adult study in United States that reported the prevalence of thyroid dysfunction is 13% in primary biliary cirrhosis, 11% in primary sclerosing cholangitis, and 25% in nonalcoholic fatty liver disease. 8 In this study, 4.8% of the subjects showed a decrease in the T3 level while 10.8% had an increased level of T3 hormone. Considering T4 hormone levels, 8.4% of the participants had a decreased T4 level, while 4.8% showed an increase in the amount of this peptide hormone. Such variable alterations also have been reported by Huang and Liaw. 9 The liver plays a key role in thyroid hormone balance, modifying total circulating concentrations of T3 and T4. The liver is the site of synthesis and degradation of carrier proteins (ie, thyroxin binding globulin, thyroxin-binding prealbumin, and albumin) and is a major site of peripheral conversion, degradation, and excretion of thyroid hormones. 10, 11 Thyroid abnormalities have been reported in acute and chronic liver diseases, and thyroid hormone levels have been evaluated with all the clinically available indices, confirming the existence of several abnormalities in thyroid function tests in both cirrhosis and chronic liver diseases, as shown in this study. 12, 13 Circulating thyroid hormone levels may range from normal values 14 to the marked abnormalities seen in the "euthyroid sick syndrome." 15 The thyroid is involved, primarily and secondarily, in the hemodynamic alterations of cirrhosis; a reduction in vasodilator FT3 may play a role in the pathophysiology. 16 On the other hand, all cirrhotic children were clinically euthyroid in our study; it seems that euthyroidism is maintained in most patients as a result of low-normal FT3 and high-normal FT4. 11 There was no significant correlation between the serum T3 levels and the amounts of albumin, bilirubin, and INR in this study, and this is in concordance with the results of Huang and associates' 9 . However, Agha and associates 17 reported that serum T3 and FT3 have an inverse correlation with serum bilirubin and a positive correlation with serum albumin. The trend in this study was lower albumin and higher bilirubin and INR in patients with low T3; however, lacking a significant and small sample size may be cause of these differences.
Furthermore, T3 serum concentrations appear to parallel the severity of liver dysfunction. 8, [10] [11] [12] [13] Our findings revealed no correlation between the amount of T3 and the severity of the hepatic disease. We observed that mean PELD/MELD and Child scores were higher in children with low T3 levels, but this was not significant (P = .14, and P = .11). Agha and associates 17 concluded that alterations in serum T3 and FT3 levels correlate well with the disease severity and may be useful in assessing the course and prognosis in cirrhotic patients. These same alterations may be due to the age of the children in our study. Moreover, in this study, a significant relation was found between the PELD/MELD scores (which shows the severity of the disease) and T4 level and children with low T4 levels had significantly higher PELD/MELD scores (P = .036). Also, our results showed that mean Child scores were higher in patients with low T4 levels, but this was not significant (P = .059). It seems that thyroid dysfunction become more severe with more advanced liver disease.
This study is one of the few pediatric studies regarding this issue, but it has significant limitations in that we did not check FT3 and FT4 levels. The thyroid hormones are 99% bound to thyroxine-binding globulin, thyroxine-binding prealbumin, and albumin in plasma. The free hormone component within plasma is in equilibrium with the protein-bound hormone, and it is this free fraction that accounts for the hormone's biological activities. In cirrhosis, the levels of thyroxine-binding globulin, prealbumin, and albumin are changed, so it is better to check free and total T3 and T4 to confirm thyroid dysfunction.
These results can be helpful in choosing the proper candidates for liver transplant. Owing to more severe and more advanced hepatic disorders, and considering our results, patients with low T3 and T4 levels need a liver transplant more immediately than do other patients. Finally, these data can be helpful indices for making decisions about the patients' allocation for liver transplant.
